General Considerations. All syntheses reported were carried out using standard glovebox and Schlenk techniques in the absence of water and dioxygen, unless otherwise noted. Benzene, pentane, diethyl ether, tetrahydrofuran, and toluene were degassed and dried by sparging with N 2 gas followed by passage through an activated alumina column. All solvents were stored over 3 Å molecular sieves. Deuterated benzene was purchased from Cambridge Isotope Laboratories, Inc., degassed via repeated freeze-pump-thaw cycles, and dried over 3 Å molecular sieves. Solvents were frequently tested using a standard solution of sodium benzophenone ketyl in tetrahydrofuran to confirm the absence of oxygen and moisture. (THF)Zr(MesNP i Pr 2 ) 3 CoN 2 (1) was synthesized using literature procedures. 1 All other chemicals were purchased from commercial vendors and used without further purification. NMR spectra were recorded at ambient temperature on a Varian Inova 400 MHz instrument. 1 H NMR chemical shifts were referenced to residual solvent. IR spectra were recorded on a Varian 640-IR spectrometer controlled by Resolutions Pro software. UV-vis spectra were recorded on a Cary 50 UV-vis spectrophotometer using Cary WinUV software. Elemental microanalyses were performed by Complete Analysis Laboratories, Inc., Parsippany, NJ.
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Computational Details. All calculations were performed using Gaussian09, Revision A.02 for the Linux operating system. 3 Density functional theory calculations were carried out using a combination of Becke's 1988 gradient-corrected exchange functional 4 and Perdew's 1986 electron correlation functional 5 (BP86). A mixed-basis set was employed, using the LANL2TZ(f) triple zeta basis set with effective core potentials for cobalt and zirconium, 6 Gaussian09's internal 6-311+G (d) for heteroatoms (nitrogen, oxygen, phosphorus), and Gaussian09's internal LANL2DZ basis set (equivalent to D95V 7 ) for carbon and hydrogen. Using crystallographically determined geometries as a starting point, the geometries were optimized to a minimum, followed by analytical frequency calculations to conform that no imaginary frequencies were present.
(η 2 -NHNH 2 )Zr(MesNP i Pr 2 ) 3 CoN 2 (2)
A solution of hydrazine (1.8 µL, 0.056 mmol) in C 6 H 6 (1 mL) was layered onto a frozen solution of 1 (0.0375 g, 0.0375 mmol) in C 6 H 6 (7 mL). The reaction mixture was warmed to room temperature and stirred for 30 min. The resulting yellow/orange solution was filtered through Celite, and the volatiles were removed from the filtrate in vacuo to yield a yellow/orange residue. The resulting residue was washed with cold (-35°C) n-pentane (4 mL , 8.19; N, 10.21. Found: C, 56.11; H, 8.24 ; N, 10.14.
(η 2 -MeN 2 H 3 )Zr(MesNP i Pr 2 ) 3 CoN 2 (3)
A solution of methylhydrazine (3.0 µL, 0.056 mmol) in C 6 H 6 (1 mL) was layered onto a frozen solution of 1 (0.0375 g, 0.0375 mmol) in C 6 H 6 (7 mL). The reaction mixture was warmed to room temperature and stirred for 30 min. The resulting yellow/orange solution was filtered through Celite, and the volatiles were removed from the filtrate in vacuo to yield a yellow/orange residue. The resulting residue was washed with cold (-35°C) n-pentane (4 mL) to yield analytically pure product as a yellow powder (0.031 g, 0.032 mmol, 84.9%). Crystals suitable for X-ray diffraction were grown from a concentrated diethyl ether solution at -35°C. 1 , 8.28; N, 10.06. Found: C, 56.54; H, 8.23; N, 9.96 .
(η 2 -NPhNH 2 )Zr(MesNP i Pr 2 ) 3 CoN 2 (4)
A solution of phenylhydrazine (3.7 µL, 0.037 mmol) in C 6 H 6 (1 mL) was layered onto a frozen solution of 1 (0.0375 g, 0.0375 mmol) in C 6 H 6 (7 mL). The reaction mixture was warmed to room temperature and stirred for 30 min. The resulting yellow/orange solution was filtered through Celite, and the volatiles were removed from the filtrate in vacuo to yield a yellow/orange residue. The resulting residue was washed with cold (-35°C) n-pentane (4 mL) to yield product as a yellow-red powder (0.026 g, 0.025 mmol, 66.8%). Crystals suitable for X-ray diffraction were grown from a concentrated diethyl ether solution at -35°C. 1 
(η 2 -NPhNH 2 )Zr(MesNP i Pr 2 ) 3 Co(NHPh) (5)
A solution of phenylhydrazine (7.4 µL, 0.075 mmol) in C 6 H 6 (1 mL) was layered onto a frozen solution of 1 (0.0375 g, 0.0375 mmol) in C 6 H 6 (7 mL). The reaction mixture was warmed to room temperature and stirred for 30 min. The resulting red/purple solution was filtered through Celite, and the volatiles were removed from the filtrate in vacuo to yield a red/purple residue. The resulting residue was extracted into cold (-35°C) n-pentane (4 mL) and filtered through Celite. Volatiles were removed from the filtrate in vacuo to yield analytically pure product as a purple/red powder (0.030 g, 0.030 mmol, 72.8%). Crystals suitable for X-ray diffraction were grown from a concentrated pentane solution at -35°C. 1 Figure S3 . 1 H NMR spectrum of (η 2 -NPhNH 2 )Zr(MesNP i Pr 2 ) 3 CoN 2 (4) (C 6 D 6 , 400 MHz).
Figure S4
. 1 H NMR spectrum of (η 2 -NPhNH 2 )Zr(MesNP i Pr 2 ) 3 Co(NHPh) (5) (C 6 D 6 , 400 MHz).
Figure S5
. 1 H NMR spectrum of volatiles resulting from formation of complex 2 (C 6 D 6 , 400 MHz).
Figure S6
. 1 H NMR spectrum of volatiles resulting from formation of complex 3 (C 6 D 6 , 400 MHz).
Note:
In the presence of exchangeable protons, NH 3 is often difficult to detect by 1 H NMR and either appears as a broad singlet or a very broad hump. As shown in Figure S6 , a mixture of NH 3 and MeNH 2 leads to a very sharp peak for the Me group of MeNH 2 , but a broad lump around 0 corresponding to protons exchanging between the nitrogens of MeNH 2 and NH 3 . NH 3 was unambiguously identified in Figure S5 Figure S10 . Fully labeled ellipsoid representation of (η 2 -NHNH 2 )Zr(MesNP i Pr 2 ) 3 CoN 2 (2)
Electronic Supplementary Material (ESI) for Chemical Communications This journal is © The Royal Society of Chemistry 2012 S14 X-Ray data collection, solution, and refinement for 2. Data collection was carried out at 120K, using a frame time of 10 sec and a detector distance of 60 mm. The optimized strategy used for data collection consisted of eight phi and five omega scan sets, with 0.5° steps in phi or omega; completeness was 99.2%. A total of 4745 frames were collected. Final cell constants were obtained from the xyz centroids of 9794 reflections after integration. From the systematic absences, the observed metric constants and intensity statistics, space group − 1 P was chosen initially; subsequent solution and refinement confirmed the correctness of this choice. The structure was solved using SIR-92, 9 and refined (full-matrix-least squares) using the Oxford University Crystals for Windows program. 10 All non-hydrogen atoms were refined using anisotropic displacement parameters. After location of H atoms on electron-density difference maps, the H atoms were initially refined with soft restraints on the bond lengths and angles to regularize their geometry (C---H in the range 0.93--0.98 Å and U iso (H) in the range 1.2-1.5 times U eq of the parent atom), after which the positions were refined with riding constraints. 11 The H atoms bonded to the hydrazine were readily located on a ∆F map calculated using only low angle data. The final least-squares refinement converged to R 1 = 0.0265 (I > 2σ(I), 12688 data) and wR 2 = 0.0655 (F 2 , 15426 data, 559 parameters). The final CIF is available as supporting material. Figure S11 . Fully labeled ellipsoid representation of (η 2 -PhN 2 H 3 )Zr(MesNP i Pr 2 ) 3 CoN 2 (4) Electronic Supplementary Material (ESI) for Chemical Communications This journal is © The Royal Society of Chemistry 2012 S16 X-Ray data collection, solution, and refinement for 4. Data collection was carried out at 120K, using a frame time of 20 sec and a detector distance of 60 mm. The optimized strategy used for data collection consisted of four phi and two omega scan sets, with 0.5° steps in phi or omega; completeness was 99.3%. A total of 3175 frames were collected. Final cell constants were obtained from the xyz centroids of 9806 reflections after integration.
From the systematic absences, the observed metric constants and intensity statistics, space group − 1 P was chosen initially; subsequent solution and refinement confirmed the correctness of this choice. The asymmetric unit contains two molecules of the complex. The second molecule is numbered similarly to the first, with atom sequence numbers exactly 100 greater than those of the reference molecule. The structure was solved using SuperFlip, 12 and refined (full-matrixleast squares) using the Oxford University Crystals for Windows program. All non-hydrogen atoms were refined using anisotropic displacement parameters. After location of H atoms on electron-density difference maps, the H atoms were initially refined with soft restraints on the bond lengths and angles to regularize their geometry (C---H in the range 0.93--0.98 Å and U iso (H) in the range 1.2-1.5 times U eq of the parent atom), after which the positions were refined with riding constraints. The final least-squares refinement converged to R 1 = 0.0477 (I > 2σ(I), 23306 data) and wR 2 = 0.1240 (F 2 , 31756 data, 1270 parameters). The final CIF is available as supporting material. Figure S12 . Fully labeled ellipsoid representation of (η 2 -NPhNH 2 )Zr(MesNP i Pr 2 ) 3 Co(NHPh) (5) X-Ray data collection, solution, and refinement for 5. Data collection was carried out at 120K, using a frame time of 40 sec and a detector distance of 60 mm. The optimized strategy used for data collection consisted of three phi and five omega scan sets, with 0.5° steps in phi or omega; completeness was 99.6%. A total of 2486 frames were collected. Final cell constants were obtained from the xyz centroids of 5383 reflections after integration.
From the systematic absences, the observed metric constants and intensity statistics, space group − 1 P was chosen initially; subsequent solution and refinement confirmed the correctness of this choice. The structure was solved using SIR-92, and refined (full-matrix-least squares) using the Oxford University Crystals for Windows program. All non-hydrogen atoms were refined using anisotropic displacement parameters. After location of H atoms on electron-density difference maps, the H atoms were initially refined with soft restraints on the bond lengths and angles to regularize their geometry (C---H in the range 0.93--0.98 Å and U iso (H) in the range 1.2-1.5 times U eq of the parent atom), after which the positions were refined with riding constraints. The asymnetric unit contains one-half molecule of ether solvate, disordered about a center of symmetry at (0, 0, ½). The midpoint of one of the O-C bonds lies on the center of symmetry. The disorder was modeled by assigning fixed occupancies (required by symmetry) of 0.5 to methyl atom C(59), and 1.0 to atom C(58) [both a -CH 2 or -CH 3 moiety]. Methylene atom C(60) was assigned the same coordinates as atom O(1) and was refined using an EQUIVALENCE constraint; 10 each had a fixed occupancy, as above, required by symmetry, of 0.5. The final least-squares refinement converged to R 1 = 0.0441 (I > 2σ(I), 7845 data) and wR 2 = 0.0896 (F 2 , 10798 data, 633 parameters). The final CIF is available as supporting material. 
